We discuss the effect of statistical fluctuations on the first and second moments of both the intrinsic rotational energy and the sum of spin magnitudes in deep-inelastic fragments, as extracted from measurements of thel total y-ray energy and the 1-ray multiplicity, respectively. The calculations were done in the framework of a model that considers the thermal excitation of rotational modes in the jntermediate dinuclear complex, accounting exactly for the correlations between the angular momenta generated in both nuclei. tPermanent address: Comisi6n Nacional de Energa At6mica, Buenos Aires, Argentina
Introduction
The simple relation between the spin and the energy is a well known property of the rotational states in nuclei. From an experimental standpoint, this fact provides the rationale for the use of total '-ray energy detectors ("sum spectrometers") to investigate high-spin states of evaporation residues following compound-nucleus and deep-inelastic reactions 3 . It has been shown that by gating on different regions of the sum-energy spectrum one can select subsets of the total population having different values of the average spin 2 , and in this regard the technique has proven very useful in the study of rotational structures 3 .
Whereas sum spectrometers can be used effectively as spin-selecting devices, the extraction of more quantitative information based on the measured total energy is hindered by several uncertainties of experimental and theoretical nature. In the case of deep-inelastic reactions a fundamental source of uncertainties is associated with fluctuations, statistical or otherwise, introduced by the reaction mechanism. The most significant problem in this regard is the distribution in both magnitude and orientation of the spins of the emitting population 40 .
V
The purpose of the present paper is to evaluate the contribution of spin fluctuations to the distributions of sum energy and y-ray multiplicities. Our analysis will be restricted to the case of binary reactions between heavy ions in which the detection of one of the two fragments determines a reaction plane with the orbital angular momentum perpendicular to it. We shall base our calculation on a statistical niodel 91 . The effects of the spin fluctua-( tions on the first and second moments of the total-energy distribution will be calculated as a function of the temperature, total angular momentum, and mass asymmetry of the system assuming that the collective modes of the dinuclear complex are in thermal equilibrium with the internal degrees of freedom.
Theory and Calculations
The equilibrium statistical model utilized in this calculation has been described in detail in ref.
9) and fl); thus only a brief sketch wil1be
given here.
The intermediate dinuclear system formed during the reaction is described by means of two touching rigid spheres with all the associated degrees of freedom. Removing the motion of the center of mass and taking into account the conservation of the total angular momentum I, the most general configuration of the system is defined by six normal modes (one tilting, one twisting, two wriggling, and two bending). The angular momenta associated with these modes are given by: the conservation of the total angular momentum in the system. In terms of these normal coordinates the total rotational energy of the system reads
modes)
The coefficients WH WL. BH, and BL as well as the stiffness coefficients A. may be expressed as a function of two variables, the total mass and the mass asymmetry of the compiex ' . At symmetry, these coefficients take the following values:
Here,'sym is the moment of inertia of a sphere having half the mass of the complex.
If one considers a system with temperature T = 0, the average intrinsic rotational energy is given by the simple expression
where 4 and ftPL are the moments of inertia of the two spheres, = H L' = + pd 2 , and d is the distance between centers. If T 0, the following integral must be evaluated:
where P(}) is the normalized probability distribution function 2 2
L J
Note that by working with the set of normal variables one automatically accounts for the conservation of the vector I, and therefore all the correlations between the spins induced in both nuclei are properly included.
It is convenient to express the, analytical result of the integral (5) in units of the intrinsic rotational energy at T = 0 (eq. 4).
The variable Z depends on the total mass, temperature, and total angular momentum of the system:
The constant cx is a function of the mass asymmetry only
With the aid of eqs. 3 and 10, and recalling that at symthetryJ11 = 2sym and So far we have examined the relation between the average internal rotational energy and the zero-temperature limit. Let us now turn to the connection between the rotational energy and the sum of the spin magnitudes.
The question is relevant to any experiment in which, for example, the total y-ray energy and the y-ray multiplicity are measured in coincidence with deep-inelastic fragments. The rotational energy (extracted from the sum.
energy) and the sum of the spin magnitudes (extracted from the multiplicity)
are not related by eq. 7 as might at first appear. This is so because the average spins are also affected by the fluctuations. As shown in ref. 11) the following relation holds:
HI which is also plotted in fig. 1 (light solid curve) .
Unlike the exact expression for the rotational energy, eq. 12 is valid JL only for Z << VA4 sym although this is not a severe restriction in general.
Let us again consider the previous example of a mass-symmetric system with Z = 0.038. If we estimate the average rotational energy from the average sum < ISHI + ISLI >2 of spins using the expression , the "true" value (as given by (7)) would be underpredicted by approximately 5%. 
Summary and Conclusions
The existence of fluctuations in the spins imparted to the nuclei in a deep-inelastic reaction represents a substantial contribution to the observed average values of physical quantities having an angular-momentum dependence.
We have focused our attention on the intrinsic rotational energy and on the sum of spin magnitudes, which, in principle, may be experimentally obtained from measurements of the total y-ray energy and y-ray multiplicity. The calculations have been performed in the framework of an equilibrium statistical model that considers the thermal excitation, of angular-momentum-bearing modes of the dinuclear complex. Under these assumptions, it has been shown that the average rotational energy may be, typically, 20% or 30% higher.than the rigid-rotation prediction for a system with zero temperature. The magnitude of the effect decreases with increasing mass asymmetry as a consequence of the increasing stiffness of some of the rotational'modes. A similar, although not so strong, effect is predicted for the average sums of the magnitudes of the spins. [S1 [ILl Fig. 3 
